INTRODUCTION
Nitrogen (N) is an essential macronutrient for plants. It is among the most substantial 1 0 0 NLP genes in rice remain largely unknown. According to phylogenic analysis, there are 6 NLPs 1 0 1 in rice, among which OsNLP1 and OsNLP4 are the closest members with legume NINs (Chardin 1 0 2 et al., 2014; Schauser et al., 2005) . In a recent study, transcriptome analysis revealed the 1 0 3 expression of OsNLP1 was rapidly induced in rice roots by N starvation (Hsieh et al., 2018) . Our re-supply. OsNLP1 regulates N uptake and assimilation by regulating multiple key N responsive 1 0 7 genes related to N metabolism. Moreover, knockout OsNLP1 significantly impairs plant growth, 1 0 8 for ammonium, whereas OsNRT1.1B is responsive for sensing the nitrate signal and triggering 3 1 1 nitrate-induced gene expression in the short term (Hu et al., 2015; Li et al., 2018; Wang et al., 3 1 2 2018). Based on these data, it is reasonable to speculate that OsNLP1 can improve grain yield 3 1 3 and NUE. Indeed, our field tests confirmed this speculation. Grain yield and NUE were 3 1 4 significantly reduced in osnlp1 mutant under LN and NN conditions while increased in OsNLP1 3 1 5 OE (Fig. 4) . Moreover, OsNLP1 can functionally complement Arabidopsis nlp7-1 mutant and 3 1 6 improves the plant growth (Supplemental Fig. S1 ). In conclusion, our work has demonstrated that OsNLP1 plays a fundamental role in N 3 1 8 utilization. OsNLP1 is responsive to N starvation and orchestrates the expression of nitrate and 3 1 9 ammonium uptake and assimilation related genes via the NRE motifs. Overexpression of 3 2 0
OsNLP1 can increase grain yield and NUE in the field, especially under N deficiency condition. Overall, OsNLP1 is a promising candidate for breeding cultivars with high yield and NUE under 3 2 2 N-limiting conditions. were used to conduct this study. The T-DNA insertion mutant with HY-background (PFG-2A-3 2 7 50058.R) was obtained from Korea Rice Mutant Center, Pohang, Korea (Jeong et al., 2002) . For 3 2 8 ZH11 mutant, three independent loss-of-function mutants were generated by CRISPR/Cas9 3 2 9
technique (Hu et al., 2016; Liu et al., 2017b) . The overexpression lines (OE14 and OE16) were OsNLP1-OX-R (Supplemental Table S2 ) and cloned into pCB2006 binary vector. The binary 3 3 2 vector was transferred into Agrobacterium tumefaciens (EHA105) for rice transformation (Liu et   3  3  3 al., 2015). Homozygous lines were selected using glufosinate and expression was confirmed by RT-PCR and qRT-PCR. All the experiments were carried out on ZH11 cultivar or otherwise Plants were grown hydroponically in Kimura B solution (Ehara et al., 1990) and the media 3 3 7 was replaced with fresh solution on alternate days. Growth conditions were maintained at 28 o C The Arabidopsis thaliana ecotype Columbia (Col-0) was used in this study. Germany). For 15 N-ammonium accumulation assays, the treatment was conducted as above seedlings were collected as one biological replicate, and four biological replicates were used for 3 7 6 each treatment. OsNLP1-promotor was cloned in pCB308R (Xiang et al., 1999) The OsNLP1 pro::GUS 3 7 9
transgenic lines were isolated through glufosinate resistance screening. GUS stained T2 3 8 0 population was produced by following the procedure as described before (Jefferson et al., 1987) 3 8 1 and GUS stain solution was prepared according to previously reported procedure (Lei et al., expression. Green fluorescence of OsNLP1-GFP in transgenic rice root cells was visualized 3 9 0 / 2 3 using a ZEISS710 confocal laser scanning microscope: 543 nm for excitation and 620 nm for 3 9 1 emission.
9 2
Yeast-one-hybrid assay 3 9 3
The protein putative binding sites and coding sequences were cloned into BD vector (pHIS2) 3 9 4
and AD vector (pAD-GAL4-2.1), respectively. The Y1H (yeast-one-hybrid) assay was 3 9 5
conducted according to the procedure described earlier (Mao et al., 2016) . For the field test of osnlp1-2 mutant and OsNLP1-OE (all with ZH11 background), T3 mutant and improves growth and fresh weight. Supplemental Table S1 . Predicted NRE sequences in the promoter of NLP-regulated genes. , 
